The use of CRISPR/Cas gene editing technology has the potential to excise the CCR5 gene from hematopoeitic progenitor cells, rendering their differentiated CD4+ T cell descendants HIV resistant. In this manuscript, we describe the development of a mathematical model to mimic the therapeutic potential of CRISPR/Cas gene editing of hematopoietic progenitor cells to produce a class of HIV resistant CD4+ T cells. We define the requirements for the permanent suppression of viral infection using gene editing as a novel therapeutic approach. We develop nonlinear ordinary differential equation (ODE) models to replicate HIV production in an infected host, incorporating the most appropriate aspects found in the many existing clinical models of HIV infection, and extend this model to include compartments representing immune cells made resistant to HIV infection by the CRISPR/Cas intervention. Through an analysis of model equilibria and stability and computation of R 0 for both treated and untreated infections, we show that the proposed therapy has the potential to suppress HIV infection indefinitely and return CD4-positive (CD4+) T cell counts to normal levels. A computational study for this treatment shows the potential for a successful "functional cure" of HIV. A sensitivity analysis illustrates the consistency of numerical results with theoretical results and highlights the parameters requiring better biological justification. Simulations of varying levels production of HIV resistant CD4+ T cells and varying immune enhancements as the result of these indicate a clear threshold response of the model, and a range of treatment parameters resulting in a return to normal CD4+ T cell counts.
Introduction
).
92
To model the production of T cells, five models used a logistic term (Luo et al. (2016) 
Model equations

137
The model equations are as follows 138 dR dt = (1 − w)a − q + uq V α + V R (2.1)
Equation (2.1) describes the dynamics of "resting" or as yet unactivated CD4+ cells produced to background virus at rate q. In the presence of HIV, they are activated at a bounded rate in response 143 to the presence of virus, V , with maximal rate uq. In Equations (2.10)-(2.13) we might assume that J arrives at a constant fraction of I in relatively short 187 time and remains at that fraction, which has been loosely estimated at "one in a million" ( Chun et al. . This relationship also reduces the equations (3.1)-(3.4) to a simpler system:
The virus has a 3-4 minute half life outside of an infected cell ( Zhang et al. (1999) 
199
This leaves parameters m, u, α and k, which cannot be observed directly but must be inferred by Table 1 . Table 1 .
Model Analysis
221
In this section we determine existence and stability properties of the model. We also compute the 
The equilibrium values for the system described by Equations (3.1)-(3.5) are given 227 as roots of a cubic polynomial in J:
where:
COROLLARY 3.1 (Disease-free equilibrium). The model equations (3.1) -(3.5) have a disease-free 
242
THEOREM 3.4 The basic reproduction number, R 0 for the model (3.1)-(3.5) is given by:
3.2 Model with HIV-resistant cells
244
The full system with HIV resistant cells has equilibria defined by a quartic polynomial. We begin 245 the analysis by verifying the root corresponding to the disease-free equilibrium.
246
THEOREM 3.5 (Disease-free equilibrium.) The model with HIV resistant cells (equations (2.1)-
247
(2.7)), has a disease-free equilibrium given by
248 THEOREM 3.6 (Stability: disease-free equilibrium). The disease-free equilibrium E ′ 0 is unstable if
250
THEOREM 3.7 The basic reproduction number for the model with HIV resistant cells is given by
.
An algebra calculation leads to the following observation. 
253
THEOREM 3.8 The remaining equilibrium values for the system described by Equations (2.1)-(2.7)
254
are given as roots of a cubic polynomial in the state space variable Q as follows: Table 1 and the variation is 70%. The final time for which simulations are run is 100 days. Table 1 and the variation is 70%. The final time for which simulations are run is 500 days.
Numerical experiments
Although the observed ratio of I to J determines the ratio of parameter m to n, there is still an 311 unmeasured rate to be determined. In Table 1 we set n = 10 6 m but the value of m was arbitrary. We 
Mathematical analysis
351
Equilibrium analysis tells us that there is one healthy equilibrium in both models (with and without The equilibrium and stability analysis shows that there is a region of parameter space in which 358 both the disease-free and the diseased equilibria exist and are stable. Our biologically derived pa-359 rameters fall into this region. Therefore, in our model, the development of disease depends on initial give information about the return of CD4+ T cells to normal levels. 
Parameters
371
We begin by giving a description of default parameters based on several studies. Five studies found corresponding to particular constants was difficult, and it is possible that if more studies were found 380 perhaps a known range could be placed around some of the parameters in this study, in particular 381 those parameters to which the model is highly sensitive.
382
For the default parameters in this study, R 0 < 1 and there is also a stable equilibrium with disease that over 75% of CD4+ production must be HIV resistant to achieve normal levels of these cells.
413
However, no estimate for β yet exists. As β increases, the percent of HIV resistant cells produced
414
(w) does not need to be as large. where: Proof. At equilibrium, Equation (3.5) implies that J = mn −1 I. Substituting this into Equation (3.3)
473
gives that kTV = eI. Substituting this relation into Equation (3.4) gives V = ec −1 (p − 1) −1 I. Thus 474 if p < 1, one of V, I must be negative or else both are zero.
475
THEOREM 6.2 (Endemic equilibrium)
476
The model has either one or two endemic equilibrium points, determined by parameter values as 
505
Proof.
506
The Jacobian of the system at any equilibrium point(R * , T * , I * ,V * , J * ) is given by:
At the disease-free equilibrium R * = a/q and T * = a/d with all other quantities equal to 0, 509 yielding the following:
Clearly two eigenvalues of J 0 are −q, −d. The remaining three eigenvalues are given by the 511 roots of the cubic polynomial:
where
By the Routh-Hurwitz criterion Murray (2002) all the roots of (6.2) are negative or have negative The largest eigenvalue of K gives the basic reproduction number:
. The full system with HIV resistant cells has equilibria defined by a quartic polynomial. We begin 529 the analysis by verifying the root corresponding to the disease-free equilibrium. 
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The Jacobian of the system at equilibrium (R * , T * , I * ,V * , J * , P * , Q * ) is given by:
Linearising the system of equations (2.1)-(2.7)) about E ′ 0 we get the Jacobian:
Clearly four eigenvalues of J 
Again by Routh-Hurwitz all the roots of (6.5) are negative or have negative real part if and only 25 of 32
The transmission matrix F P and transition matrix S P for this system are
The next generation matrix is defined by K P = −F P S −1 P ( inverse of the matrix S P exists) and is given by 
